Abstract: Antibacterial and antifungal activities of aqueous, ethanol and ethyl acetate extract of Torilis anthriscus (L.) Gmel. (Apiaceae) were tested in vitro against ten species of bacteria and five of fungi. Antimicrobial properties were determined by disk diffusion and broth tube dilution method. In the minimum inhibitory concentrations (MICs), the ethanol extract showed the highest activity, followed by the ethyl acetate extract and the aqueous extract against bacterial species, while the extracts were inactive against the tested fungi species. The most active extract was chosen to examine the effects of its combinations with commercial antibiotics by checkerboard method. The obtained results showed that the interactions between ethanol extract/streptomycin and ethanol extract/chloramphenicol were additive and indifferent against the tested human-pathogenic bacteria. Synergism and antagonism were not observed.
Introduction
Plants are a large source of new bioactive molecules. However, most species of higher plants have never been described, much less surveyed for chemically or biologically active constituents, and new sources of commercially valuable materials remain to be discovered [1] .
Torilis anthriscus (L.) Gmel. (syn: Torilis japonica (Houtt) DC) belonging to the Apiaceae family, is an annual herbaceous plant. It is very common and widespread plant, which grows in waste places, near roads, in hedges and grassy areas. It grows in Europe, Asia and North Africa [2] .
Fresh or dried herb or fruit of T. anthriscus are used as a medicinal agent, especially in Korea, to treat amnesia, pruritis, acidosis and scabies [3, 4] . The biotic properties of T. anthriscus are associated with many secondary metabolites synthesized by this plant. Sesquiterpenes isolated from the methanolic extract of the fruit have antiinflammatory activity [5] , testosterone 5 alpha-reductase inhibitory activity [6] and anticancerogenic characteristics [7] [8] [9] . The alcohol extract of T. anthriscus has antiprotozoal activity [10] , while torilin blocks hKv1.5 channel currents in Ltk cells [11] .
The previous investigation showed that T. anthriscus extracts contain a vast source of different molecules (phenols, flavonoids, coumarins, tannins, polyacetylenes, alkaloids, terpenoids), which have an impact on growth and metabolism of microorganisms [12] [13] [14] [15] .
Although many plants were evaluated for their medicinal potential, most reports on natural products in agricultural areas are about using plant extracts as natural pesticides [1] . For this reason, different groups of microorganisms (saprophyte, plant-and humanpathogens) were examined in this paper.
Regarding the fact that antimicrobial properties of T. anthriscus have been insufficiently investigated, the aim of this paper was to establish the antibacterial and antifungal activities of specimens of this species originating from Southeast Europe. Another aim was to establish synergy between extracts and commonly used antibiotics (streptomycin and chloramphenicol) emphasizing the potential role of phytochemicals in increasing the effectiveness of antibiotics, as a new approach to overcome the problem of bacterial infections [16] [17] [18] . Interactions between extracts of this plant and antibiotics have not been investigated yet.
Experimental Procedures

Plant material
Aerial parts of T. anthriscus were collected on Mt. Suvobor (Serbia) during the summer of 2006. Identification and classification of the plant material was performed at the Faculty of Science, University of Kragujevac. The voucher specimen (PMFKg-H356) of the plant is deposited in the Herbarium of the Faculty of Science, University of Kragujevac.
Preparation of samples for testing
Aqueous extract was obtained by boiling dry ground plant material (50 g for each extract) in a water bath for 2-3 h at 80°C. Ethanol and ethyl acetate extracts were obtained by extraction of plant material in a Soxhlet apparatus. Stock solutions were obtained by dissolving a certain amount of dry material in a defined volume of solvent (5% dimethylsulfoxid) for extract and in a Mueller-Hinton broth (Torlak, Belgrade) for antibiotics: streptomycin (Galenika, Belgrade) and chloramphenicol (Panpharma, France). Dimethylsulfoxid (DMSO) was purchased from Merck, Germany.
Test microorganisms
The following species of microorganisms were tested: 
Estimation of antimicrobial activity
The filter disk-diffusion method [19] was used for primary screening of the antibacterial activity of plant extracts. Bacterial suspensions were prepared by direct colony suspension method and adjusted to obtain the 0.5 McFarland standard (approximately 10 8 colony-forming units (CFU)/ml). The solutions of plant extracts were applied to sterile filter paper disks (10 mm diameter) to reach final concentrations of 5, 10 and 15 mg/disk and finally placed on the surface of the inoculated MuellerHinton agar. The plates were incubated at 27°C or 37°C (depending on the bacteria) for 24h. Antibacterial activity was determined by measuring the zone of growth inhibition (mm) around the disk. Standard disks of streptomycin (30 μg/disk, Torlak, Belgrade) were used as a positive control. Disks soaked in the solvent (5% DMSO) were used as a negative control. The tests were performed in three replications, and the obtained results were statistically processed.
Minimum inhibitory concentrations (MICs) were determined by the tube dilution method [20] with MuellerHinton broth for bacteria and Sabouraud dextrose broth (Torlak, Belgrade) for fungi. Each extract was two-fold diluted to obtain the concentrations of 40 -0.3125 mg/ml for bacteria and 50 -3.125 mg/ml for fungi. The diluted suspensions of the tested microorganisms (50 μl of 10 7 CFU/ml for bacteria and 50 μl of 10 6 CFU/ml for fungi) were added into each tube. The tubes were incubated at 27°C or 37°C (depending on the bacteria) for 24 h and at 24°C for 72 h for fungi. The MIC was defined as the lowest concentration at which visible growth was inhibited.
The same method [20] was used to test MIC values in a range from 0.1 to 0.00078 mg/ml for streptomycin and from 1.0 to 0.0078 mg/ml for chloramphenicol.
Each test included controls consisting of the medium with the solvent (5% DMSO), medium with bacterial suspension and sterility control. All tests were performed in duplicate.
Estimation of interactions between plant extract and antibiotics
The plant extract that showed the greatest activity (the lowest MIC values) was selected for further testing. The combination effects between the ethanol extract/ streptomycin and the ethanol extract/chloramphenicol were assessed by the checkerboard method [21] in relation to human-pathogenic bacteria. Two-dimensional arrays of test tubes were constructed. A series of twofold dilutions of stock solutions of streptomycin or chloramphenicol and a series of twofold dilutions of stock solution of ethanol extract were prepared. 0.25 ml of ethanol extract (final concentration from 4 MIC to 1/32 MIC) and 0.25 ml of antibiotic (final concentration from 2 MIC to 1/32 MIC) were added into 0.5 ml Mueller-Hinton broth to achieve the final volume of 1 ml. Since the final volume (1 ml) is four times as great as the volume of each antimicrobial (0.25 ml), the antimicrobial concentrations used in the stock solutions were four times greater than the desired final concentrations. Each test tube contained different combinations of concentrations of ethanol extract/ streptomycin and ethanol extract/chloramphenicol. The examined tubes were inoculated with 50 μl of the diluted inoculum to obtain the final turbidity (approximately 5x10 5 CFU/ml) and incubated at 37°C for 24 h. Each test included controls consisting of the medium with the solvent, medium with bacterial suspension and sterility control. All tests were performed in duplicate.
In vitro interactions between antimicrobial agents were determined and quantified by calculating the fractional inhibitory concentration (FIC) index using the following formula: FIC index = (MIC of ethanol extract with antibiotic in combination/MIC of ethanol extract used alone) + (MIC of antibiotic with ethanol extract in combination/MIC of antibiotic used alone). Interpretation of the FIC index (FICI) was as follows: FICI ≤ 0.5 synergy; FICI > 0.5-1 additive; FICI > 1-4 indifference and FICI > 4 antagonism. The action of antimicrobial agents was considered to be: -Synergistic, if their joint effect was stronger than the sum of effects of the individual agents -Additive, if their joint effect was equal to the sum of effects of the individual agents -Indifferent, if their joint effect was equal to the effect of either individual agent -Antagonistic, if their joint effect was weaker than the sum of effects of the individual agents or weaker than the effect of either individual agent [21] .
Results
Antimicrobial assays
The results of in vitro testing antibacterial and antifungal activities of aqueous, ethanol and ethyl acetate extract of T. anthriscus are shown in Table 1 . The negative control (5% DMSO) did not inhibit the growth of tested bacteria. The investigated extracts showed different degrees of antimicrobial activity in relation to the tested species. The intensity of antimicrobial action varied depending on the species of microorganism and on the type and concentration of the extract. In relation to referent values of the antibiotic (streptomycin), the antibacterial activity was in the range of 44.40-120.00% for the aqueous extract, 44.40-100.00% for the ethanol extract and 30.90-73.30% for the ethyl acetate. The aqueous extract and the ethanol extract showed antibacterial activity with diameters of inhibition zones of 16 mm -40 mm, while Penicillium verrucosum n.a. n.a. n.a.
Trichoderma harzianum 50 25 50
Fusarium oxysporum n.a. n.a. n.a.
Trichothecium roseum 50 50 50 For all of the bacteria, the MICs were 20 mg/ml in the case of the aqueous extract, 5 mg/ml in the case of the ethanol extract and 10 mg/ml in that of the ethyl acetate extract. For the fungi Aspergillus flavus, Penicillium verrucosum and Fusarium oxysporum, the plant extracts did not show any activity. For Trichoderma harzianum and Trichothecium roseum, the plant extracts exerted the effects at high concentrations.
The tested antibiotics had MIC values of 0.025 -0.00625 mg/ml for streptomycin and 0.125 -0.0625 mg/ ml for chloramphenicol ( Table 2 ).
Checkerboard assays
The types of interactions noticed in the experiment, deduced from calculation of the FIC index are presented in Table 2 . The combination of the ethanol extract and streptomycin produced different effects in relation to six tested bacterial species. Additive effect was found in Bacillus mycoides, Bacillus subtilis, Pseudomonas fluorescens and Staphylococcus aureus; indifferent effect was found in Enterobacter cloacae and Klebsiella pneumoniae. The combination of the ethanol extract and chloramphenicol showed additive effect in Bacillus mycoides and indifferent effect in Bacillus subtilis, Enterobacter cloacae, Klebsiella pneumoniae, Pseudomonas fluorescens and Staphylococcus aureus. The FIC index ranged from 0.53 to 1 for additive effect and 1.031 -4 for indifferent effect. Streptomycin showed better additive capacity (66.67%) with ethanol extract in comparison to chloramphenicol (16.67%). For both combinations of agents, synergism and antagonism were not observed.
Discussion
The plant species T. anthriscus is utilized in traditional medicine, but its antimicrobial activity has been insufficiently investigated. Our results indicate that the extracts of given species possess a whole spectrum of antibacterial activity. The intensity of antimicrobial action varied depending on the species of microorganism and the type and concentration of the extract. Based on the MIC values, the ethanol extract showed the highest activity followed by ethyl acetate extract and aqueous extract. Better activity of ethanol and ethyl acetate extract may be due to better solubility of active compounds in an organic solvent [13] . The comparison of the MIC and the results of zone inhibition did not appear to indicate similarity in the aqueous extract. Aqueous extract showed wide zones of inhibition against the tested bacteria, but high MIC values. This difference could be due to diffusion rate of the compounds in the agar medium.
All bacterial species demonstrated some degree of sensitivity to the tested plant extracts. It has been reported that Gram-positive bacteria are more susceptible to the inhibitory effects of plant extracts [22] . In this study, the extracts of T. anthriscus showed equal effectiveness against both Gram-positive and Gram-negative bacteria. Resistance of fungi to plant extracts can be explained by chitinous structure of the cell wall, which disallows easy penetration of bioactive substances [23] .
Extracts of T. anthriscus showed inhibitory effects against plant pathogenic bacteria. For this reason, they can be used as safe and effective alternatives to synthetic pesticides. The application of plant extracts as natural pesticides could decrease the utilization of synthetic pesticides, agents of environmental hazards [24] .
T. anthriscus ethanol extract in combination with streptomycin and chloramphenicol inhibited the growth of certain bacteria at a lower concentration (1/2 MIC for extract and 1/4 and lower for antibiotics) than when single agents were assayed separately. These findings show that phytocompounds with antibiotics are capable of increasing total biological activity. The combination of biologically active compounds from T. anthriscus and antibiotics could help to solve the problem of bacterial resistance and make possible the use of antibiotics in smaller amounts. The mechanism governing the joint action of plant extract compounds and antibiotics is still unknown. Some authors suggest that phytocompounds damaged the bacterial cell membrane and facilitated the penetration of antibiotics into the bacteria cytoplasm [25] . Synergism was not observed, thus the compounds from ethanol extract of T. anthriscus did not significantly enhance the effectiveness of antibiotics. On the other hand, the compounds from ethanol extract did not decrease the activity of antibiotics either, because the antagonism was not found.
The antimicrobial activities of aqueous, ethanol and ethyl acetate extract of T. anthriscus that are presented in this paper expand our knowledge of therapeutic properties of this species. The results suggest the possibility of using extracts, especially ethanol extract, to control certain human-pathogenic bacteria. Also, it is interesting to investigate the activity of ethanol extract as natural pesticide due to its impact on plant pathogenic bacteria. In addition, since the content of biotically active components is conditioned by geomorphologic and other environmental factors, the research is of considerable ecological importance since these are the first data about this species for the region of Southeast Europe.
